A new microbial metabolite, designated fistupyrone, was isolated from the culture broth of a plant-associated Streptomyces sp. TP-A0569. Fistupyrone inhibited the in vivo infection of the seedlings of Chinese cabbage by Alternaria brassicicola TP-F0423, the cause of Alternaria leaf spot, without any in vitro fungicidal activity.
Many microbes including fungiY\ bacteria2) and actinomycetes3) have been reported as a biocontrol agent against plant pathogens. Among them, especially, actinomycetes are known to produce a wide range of bioactive compounds. Although the role of non-pathogenic endophytes in plant protection is not well understood, it is noteworthy that some of these cases are involved with the antibiotics from the microorganisms2). We recently discovered endophytic Streptomyces from Rhododendron producing antifungal metabolites against its major fungal pathogens, Phytophthora cinnamomi and Pestalotiopsis sydowianaA\ In addition to the antimicrobial metabolites, the existence of compounds which effect on the plant resistance to pathogens is speculated. As a part of our effort to find bioactive metabolites from plant-associated actinomycetes, we have screened for compounds which do not show antifungal activity but protect the plant from pathogenic fungi. In this study, the in vivo assay using Chinese cabbage and Alternaria brassicicola was employed. A. brassicicola is the cause of black leaf spot, major disease in cultivated Brassica plants worldwide.
Among 375 strains tested, Streptomyces sp. TP-A0569 was found to produce a new pp.1117 -1122 compound, fistupyrone ( Fig. 1) , which inhibits the infection behavior of A. brassicicola TP-F0423 in vivo. We herein describe the fermentation, isolation, structure determination and biological properties of fistupyrone.
Materials and Methods

General
The melting point was determined on a Yanagimoto apparatus and is uncorrected.
NMR experiments were Fig. 1 Takano was used in this experiment8^It was grown on a potato-dextrose agar plate at 25°C for 14 days. The plate was flooded with sterilized water and the spores were collected by pipetting. The spore concentration in the suspension was adjusted to 1 X 105 spores/ml with sterilized water. Seeds of Chinese cabbage were sworn in soil in pots and the seedlings were grown for 14 days in a temperaturecontrolled incubator at 25°C. A. brassicicola TP-F0423 was inoculated on the plants by spraying the spore suspension. After 2 hours, the plants were treated with sterilized water (control), daconil solution or fistupyrone solution. After the incubation for 22 hours at 25°C, disease symptomwas OCT. 2000 evaluated based on the area of necrotic lesions and the disease severity was calculated according to the following equation.
Disease severity= X 8^/(4 Xnumber of plants used) Sji index of symptom which was determined on the basis of symptoms covering more than 75%of leaf (4) , symptoms covering 50-75% of leaf (3), symptoms covering 25-50% of leaf (2), symptoms covering 1-25% of leaf (1) 
Results and Discussion
Taxonomyof the Producing Strain
The cultural characteristics of strain TP-A0569 are summarized in Table 1 . Strain TP-A0569 grew well on both organic and synthetic media and formed open spiral spore chains at the top of aerial mycelia. The spore was globose with spiny surface (Fig. 2) Table 2 . FP was obtained from ft-hexaneether as colorless needles with the melting point at 73°C. It was readily soluble in CHC13 and ethyl acetate and insoluble in^-hexane and water. The UV-visible spectrum showed maxima at 210, 231 and 279nm in MeOH. The IR spectrum showed the presence of hydroxyl group (2960 cirT1), carbonyl group (1705 cm"1) and conjugated dlefin Table  3 . In combination with the HMQCand HMBCspectra, the DEPT spectra indicated the presence of two equivalent Fig. 3 . NMRanalysis offistupyrone. OCT. 2000 methyl groups, two methylenes, one sp3 methine, two sp2 methines and three oxygenated sp2 carbons. Only 13 protons were accounted for from the lH and 13C NMRdata suggesting the presence of one exchangeable proton in the molecule. Decoupling experiments and the DQF-COSY spectrum revealed a spin system: H-7/H-8/H-9/H-10/H-1 1 due to an isoamyl substituent. HMBC correlations from H-5 to C-3, C-4, C-6 and C-7 and from H-3 to C-2, C-4 and C-5 established the presence of 4-hydroxy-2-pyrone moiety.
Substitution of the isoamyl group at C-6 was confirmed by the long-range couplings from H-7 and H-8 to C-6. Thus the gross structure of FP was determined to be 4-hydroxy-6-(3'-methyl)-butyl-2#-pyran-2-one (Fig.  3) . !H and 13C
chemical shifts of the a-pyrone moiety showed the good accordance with those of 4-hydroxy-6-methyl-a-pyrone9).
Biological Properties Effects of flstupyrone (FP) on the infection of Chinese
cabbage by A. brassicicola TP-F0423 were evaluated macroscopically and microscopically (Table 4) . Disease severity of the plants treated with lOO ppmFP was reduced to 12%of the untreated (control). This effect on the disease suppression wasat the same level with 400ppmdaconil, an antifungal agrochemical. At the lower concentrations (4-20ppm) , the effect of FP was slightly weaker with the disease severity of33. 3-41.7 . The infection behavior of the spores observed under a light microscope is shown in Fig. 4 . Once settled on the leaf, the spore germinates, forms the infection hypha and penetrates through the cuticle into the host plant.
Penetration of the infection hypha into the leaf was seen with the spores which had infected (Fig. 4a) whereas the Spore germination (%) = germinated spores / total spores Infection hypha formation (%) = infected spores / germinated spores Infection (%) = infected spores / total spores spores which had failed in infection formed germination tube but not the infection hypha (Fig. 4b) . In control, 90% of the inoculated spores had germinated and 60%of the germinated spores succeeded in infection. The rate of infection was thus 54%. On the other hand, when treated with 100 ppm FP, both of the rate of spore germination and infection hypha formation was suppressed and the infection rate was 9% of the control. Similar result was obtained by the treatment with 400 ppm daconil. On the agar plate, FP showed no growth inhibition ofA. brassicicola TP-F0423 at 1000 /ig/ml. ' The molecular mechanism of the infection by 1121 A. brassicicola is not elucidated yet. Recent study suggests that surface-bound Upases of spores interact with the plant surface molecules for adhesion and penetration during the early stages of infection10). It is also suggested that hostspecific toxins, produced during the spore germination, cause the necrosis of the host plant to facilitate the infection11}.
Our observations on the effect of FP on A. brassicicola TP-F0423 indicates the interaction of FP with the molecules responsible for the infection. Study on the modeof action ofFP is in progress. 
